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(54) Apparatus and method for detecting vehicle rollover having toll-rate switched threshold 



(57) A vehicle rollover event detector (10) includes 
an accelerometer (80) that senses vehicle acceleration 
in a direction offset from a front-to-rear axis of the vehi- 
cle (12) and provides an acceleration signal (101) indic- 
ative thereof. A rollover sensor (14) senses vehicle roll 
and provides a roll signal (32) indicative of vehicle roll 
about the front-to-rear axis of the vehicle. A controller 



(26) compares the roll signal (32) against a first rollover 
threshold (42) when the acceleration signal (1 01 ) is less 
than an acceleration threshold (113) and compares the 
roll signal (32) against a second rollover threshold (116) 
when the acceleration signal (1 01 ) is equal to or greater 
than the acceleration threshold (113) and for indicating 
avehicle rollovercondition when the roll signal is greater 
than the threshold (42, 116) it is compared against. 
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Description 

Cross-reference to related Application 

[0001] This application is a continuation-in-part of U. 
S. Patent Application Serial No. 09/742,566. filed De- 
cennber 20, 2000 in the name of Yeh et al. entitled "SYS- 
TEM AND METHOD FOR SENSING VEHICLE ROLL- 
OVER." 

Technical Field 

[0002] The present invention relates to an occupant 
protection system and, more particularly, to an appara- 
tus and method for detecting a vehicle rollover event for 
use with an actuatable occupant rollover protection de- 
vice. 

Background of the Invention 

[0003] To detect a vehicle rollover event, a vehicle 
may be equipped with one or more sensors that detect 
vehicle dynamics. The sensors are connected to a con- 
troller that evaluates the sensor signals and controls ac- 
tuation of one or more actuatable devices in response 
to a determined occun^ence of a vehicle rollover event. 
[0004] U.S. Patent No. 5,825,284 discloses a vehicle 
rollover system having an acceleration sensor that pro- 
vides a signal indicative of lateral acceleration of the ve- 
hicle. A processor calculates a roll-moment based on 
the sensor signal and provides a visual display indicat- 
ing the likelihood of vehicle rollover. 
[0005] U.S. Patent No, 5,61 0,575 and U.S. Patent No. 
5,890,084 disclose other approaches to rollover detec- 
tion. 



Summary of the Invention 

[0006] In accordance with the present invention, a 
rollover sensor monitors vehicle roll and an accelerom- 
eter monitors lateral vehicle acceleration. The signal 
from the rollover sensor is compared against one of two 
thresholds in response to the sensed lateral accelera- 
tion. An occupant protection device is actuated |n re- 
sponse to the rollover sensor comparison. 
[0007] In accordance with one aspect of the present 
invention, an apparatus detects a vehicle rollover event. 
The apparatus includes a rollover sensor for sensing ve- 
hicle roll and providing a signal indicative of vehicle roll 
about a front-to-rear axis of the vehicle. An accelerom- 
eter senses, vehicle acceleration in a direction offset 
from the front-to-rear axis of the vehicle and provides 
an acceleration signal indicative thereof. The apparatus 
further includes a controller for comparing the signal 
from the rollover sensor against a first rollover threshold 
when the acceleration signal is less than an acceleration 
threshold and for comparing the signal from the rollover 
sensor against a second rollover threshold when the ac- 



celeration signal is equal to or greater than the acceler- 
ation threshold. The controller indicates a vehicle rollo- 
ver condition when the signal from the rollover sensor 
is greater than the threshold it is compared against. 

5 [0008] In accordance with another aspect of the 
present invention, a method detects a vehicle rollover 
event comprising the steps of sensing vehicle roll and 
providing a roil signal indicative of vehicle roil about a 
front-to-rear axis of the vehicle, sensing vehicle accel- 

10 eration in a direction offset from the front-to-rear axis of 
the vehicle and providing an acceleration signal indica- 
tive thereof, comparing the roll signal against a first roll- 
over threshold when the acceleration signal is less than 
an acceleration threshold and for comparing the roll sig- 

'5 nal against a second rollover threshold when the accel- 
eration signal is equal to or greater than the acceleration 
threshold and for indicating a vehicle rollover condition 
when the roll signal is greater than the threshold it is 
compared against. 

20 

Brief Description of the Drawings 

[0009] The invention will be understood by one slcilled 
in the art upon consideration of the following description 
25 of an exemplary embodiment of the invention and the 
accompanying drawings, in which: 



Fig. 1 is a schematic bloclc diagram of an occupant 
rollover protection system in accordance with the 
present invention; 

Fig. 2A is a plot of vehicle roll-rate vs. the integral 
of roll-rate for a non-deployment roll event; 
Figs. 2B is a plot of lateral acceleration vs. the inte- 
gral of roll-rate for the roll event shown in Fig. 2A; 
Fig. 3A is a plot of vehicle roll-rate vs. the integral 
of roll-rate for a deployment roll event; 
Figs. 36 is a plot of lateral acceleration vs. the inte- 
gral of roil-rate for the roll event shown in Fig. 3A; 
Fig. 4A is a plot of vehicle roll-rate vs. the integral 
of roll-rate for a deployment roll event; and 
Figs. 48 is a plot of lateral acceleration vs. the inte- 
gral of roll-rate for the roll event shown in Fig. 4A. 
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Description of an Exemplary Embodiment 



45 



[0010] Fig. 1 Illustrates an exemplary embodiment of 
an occupant rollover protection system 10 in accord- 
ance with the present invention. The system 10 is 
mountable in a vehicle 12. The system 10 includes a 

so rollover discrimination sensor 1 4. The sensor 1 4 senses 
one or more vehicle operating characteristics or condi- 
tions that might indicate the occurrence of a vehicle roll- 
over event. The sensor 14 provides a signal based on 
the sensed vehicle operating characteristic(s). 

55 [0011] By way of example, the vehicle rollover dis- 
crimination sensor 1 4 is a roll- rate sensor operative to 
sense angular rotation of the vehicle 1 2 about an axis 
of the vehicle. The roll-rate sensor 1 4 may be mounted 
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at or near a central vehicle location in the vehicle 1 2 and 
oriented so as to sense a rate of vehicle rotation about 
a longitudinal axis of the vehicle (e.g., an X-axis oriented 
parallel to or co-axial with the fronMo-rear axis of the 
vehicle). 

[0012] More particularly, the sensor 14 could be a nai- 
cro-miniature structure configured to sense angular ve- 
locity (e.g., roll-rate) of the vehicle and fabricated using 
semiconductor manufacturing techniques. An exannpie 
of such a sensor is the GYROCHIP'^** Industrial solid 
state rotation sensor, which is commercially available 
from BEI Sensors and Systems Co. of Concord, Califor- 
nia. The GYROGHIP^'*' sensor uses the Coriolis Effect 
to produce an output signal having a DC voltage propor- 
tional to the rate of rotation about an axis of sensitivity 
of the sensor. Accordingly, when sensing a rate of an- 
gular rotation In a first direction about its axis ot sensi- 
tivity, the DC output voltage from the sensor 14 is posi- 
tive. Similarly, an angular rate of rotation in the other di- 
rection about the sensor axis of sensitivity provides a 
negative sensor output voltage. Thus, when mounted in 
the vehicle, the output signal of sensor 1 4 indicates an- 
gular velocity of the vehicle, including magnitude and 
angular direction, about the sensor axis of sensitivity. 
The axis of sensitivity of the sensor 14 is coaxial with 
the front-to-rear axis of the vehicle 1 2 through the center 
of the vehicle. Those skilled in the art will appreciate that 
the angular velocity about the vehicle's front-to-rear axis 
is the sarrie as its roll-rate or rate of rotation. 
[0013] Referring again to Fig. 1 , the sensor 14 outputs 
a signal to a filter 1 6. The output signal of sensor 1 4 has 
an electrical characteristic indicative of the sensed rate 
of rotation or roll-rate of the vehicle 12. The filter 16 is 
selected so as to remove frequency components from 
the roll-rate signal that are not useful In discriminating a 
vehicle rollover event. These frequency values are de- 
termined using empirical methods for a vehicle platfomi 
of interest by placing the vehicle under various operating 
conditions. These frequency values may be unique for 
each vehicle platfonm. 

[001 4] The filter 1 6 provides a filtered roll-rate signal 
to an appropriate analog-to-digital ("A/D") converter 20. 
The A/D converter provides a digitized, filtered signal to 
a controller 26. The A/D converter 20 is illustrated as 
being external to the controller 26, although It, alterna- 
tively, could be an integral part of the controller, I.e., an 
A/D input of controller 26. 

[0015] The elements shown in the controller block 26 
correspond with functions and operations perfoimed in- 
ternally by the controller. The controller 26, for example, 
is a microcomputer programmed to perform the illustrat- 
ed operations or functions in accordance with the 
present invention. Such functions altematively could be 
perfonnedwith discrete circuitry, analog circuitry, a conr>- 
bination of analog and discrete components, and/or an 
application specific integrated circuit. 
[0016] Additional digital filtering of the roll-rate signal 
preferably occurs within the controller 26. In particular, 



A/D converter 20 provides the digitized signal to a digital 
high-pass ("HP") filter function 28. The H P filter function 
28 is used to eliminate DC drift that may result from the 
A/D conversion. The HP filter function 28 provides a 

5 high-passed filtered signal to a low-pass ("LP") filter 
function 30. The LP filter function 30 smoothes the roll- 
rate signal by removing noise and other high frequency 
components that are not useful in discriminating a vehi- 
cle rollover event. The LP filter function 30 provides a 

10 smoothed signal 32 to an integrator function 34 having 
a value indicative of vehicle roll -rate (I.e., angular veloc- 
ity "d6/dt") about the front-to-rear axis of the vehicle. The 
integrator function 34, in turn, integrates the roll-rate sig- 
nal 32 and provides a value indicative of a relative roll- 

^5 angle of the vehicle 1 2 that is detennined based on the 
detemnlned roll -rate value, i.e., the roll-rate signal dB/dt 
at 32. 

[0017] The output of the integrator function 34 is con- 
nectable to a selected one of two digital high -pass filters 

20 35 and 36 through a switch 37. The switch 37 is control- 
led by the output of a comparator function 33. The roll- 
rate signal dO/dt at 32 is connected to an absolute value 
fun^ion 47 that determines the absolute value of the sig- 
nal de/dt. The absolute value Id6/dtl is connected to one 

25 input of comparator 33. The other input of the compara- 
tor 33 is connected to a roll-rate threshold value 31 . The 
comparator 33 compares the absolute v^ue of the roll- 
rate de/dt against a predetenmined roll-rate threshold 
31 . If the absolute value of the roll-rate is less than or 

30 equal to the threshold 31 , the switch 37 connects the 
output of the integrator 34 to HP filter 36. If the roll-rate 
is greater than the threshold 31. the output of the inte- 
grator 34 is connected to HP filter 36. 
[0018] The filtered integrated value of the roll-rate re- 

35 suits in a signal having a value 6 indicative of a normal- 
ized roll-angle of the vehicle 12 that is functionally relat- 
ed to the roll-rate value 32. Specifically, the roll-angle 
value e at 38 indicates a relative amount of angular ro- 
tation of the vehicle detemnined from the sensed roll- 

40 rate. The roll-angle value 6 at 38 is reset based on a 
time constant of the filters 35 and 36 so that the roll- 
angle value 6 at 38 provides an indication of roll-angle 
of the vehicle during a time period of roll-rate. HP filter 
35 has a smaller time constant than that of HP filter 36. 

45 If the integrated roll-rate value (roll angle) is connected 
. to HP filter 31 , It will decay back to zero faster than it it 
were connected to HP filter 36. The lime constants used 
for HP filters 35 and 36 are dependent on the particular 
vehicle platform and the desired control for particular ve- 

50 hicle events. The time constant values can be based on 
empirical data or calculated data. 
[0019] The roll-angle value 8 at 38 output from either 
fitter 35 or 36 typically will not indicate the actual roll- 
angle orientation of the vehicle 1 2 relative to the ground . 

55 In this way, the determination of a vehicle rollover event 
does not require a detemnination of an initial angular ori- 
entation of the vehicle relative to the ground or road. The 
rollover detemiination also does not require calculating 



5 



EP 1 227 010 A2 



6 



an absolute angle of rotation of the vehicle relative to 
the ground. 

[0020] The roll-angle value e at 38 from one of the 
high-pass filter functions 36 or 36 is provided to a roll- 
angle Indexing function 40, The roll-angle indexing func- 
tion 40 provides an indexed output to an index roll-rate 
threshold determining function 42. The indexing func- 
tion 40 divides the detennined roll-angle value 6 into dis- 
crete roll-angle index values 44 that are provided to the 
roll-rate threshold function 42. The roll-rate threshold 
function 42, for example, is impleniented as a look-up 
table that stores predetennined threshold values re- 
sponsive to the roll-rate index values 44. The indexing 
provides discrete output values in response to the roll- 
angle values 6 at 38. These discrete output values are 
used to address locations in the look-up table of the roll- 
rate threshold function. The variable roll-rate threshold 
function 42 provides a roll-rate Threshold 46 having a 
value functionally related lo the index value 44 provided 
by the indexing function 40. Alternatively, the threshold 
value 46 could be calculated based on the roll-angle in- 
dex value using predetermined functional relationships, 
i.e., functional equations. This indexing arrangement 
provides stepped threshold values. It is also contemplat- 
ed that the roll-rate threshold value could be a continu- 
ously varying value that is functionally related to the roll- 
angle value e at 38. The roll-rate threshold determining 
function 42 provides the threshold value 46 to a first in- 
put of a comparator function 48. 
[0021 ] The absolute value of the roll-rate value at 32 
from the absolute function 47 is provided to a second 
input of the comparator function 48. The comparator 
function 48 provides an output signal based on a com- 
parison of the absolute value of the filtered roll-rate val- 
ue 32 and the indexed roll-rate threshold value 46 when 
the comparator is enabled. Specifically, the comparator 
function 48 provides an output signal having a logic level 
(e.g., TRUE or FALSE, HIGH or LOW) that indicates 
whether the absolute value of the filtered roll-rate value 
from low-pass filter function 30 has a predetennined re- 
lationship relative to the indexed roll-rate threshold 46. 
In response to the absolute value of the roll-rate value 
crossing or exceeding the Indexed threshold value 46 
(i.e., If the absolute value of the roll-rate value is greater 
than the indexed threshold), a TRUE or HIGH Is output 
from comparator 48 when the comparator Is enabled. 
[0022] Because a vehicle rollover event will occur only 
when both the roll-rate (Y-axis) and the roll-angle (X-ax- 
is) have the same algebraic sign, the exemplary embod- 
iment of the system 10 includes a quadrant detection 
function 50, The quadrant detection function 50, for ex- 
ample, determines whether the roll-rate and roll-angle 
values are both in quadrant 1 (roll-rate and roll-angle are 
both in one direction referred to as the positive direction 
and both have positive values) or are both in quadrant 

III (roll-rate and roll-angle are both in a negative direc- 
tion and both have negative values). Quadrants II and 

IV con^espond to situations when the vehicle 12 is re- 



turning to a level, i.e., returning to a horizontal angular 
orientation relative to the ground. 
[0023] Accordingly, for the purpose of detenmining 
whether a rollover event Is occuning, it is desirable to 

5 perform the comparison function 48 only when the roll- 
rate signal and the indexed roll-angle have values that 
define a point that lies in quadrants I or HI (e.g., when 
both the roll-rate and roll-angle have the same algebrarc 
sign). A possible occurrence of vehicle rollover event 

10 can occur when, for example, (i) the roll-angle value e 
at 38 is greater than or equal to 0** and the roll-rate value 
dO/dt at 32 is greater than or equal to 0 or (ii) the roll- 
angle value 6 at 38 is less than or equal to 0"* and the 
roll-rate value dS/dt 32 is less than or equal to 0. 

15 [0024] In the exemplary embodiment of the present 
invention shown in Fig. 1 , the quadrant detection func- 
tion 50 Includes a comparator function 52 having a first 
input that receives the detemiined roll-rate value dO/dt 
at 32. A roll-rate reference value 54 (e.g., a value indic- 

20 ative of a roll -rate of O^/second) is provided to a second 
Input of the comparator function 52. The comparator 62 
detemnines whether the sensed roll-rate value d6/dt is 
greater than or equal to the reference value 54 and pro- 
vides this comparison result to an input of an AND func- 

25 tion 56. 

[0025] A roll-angle reference value 58 (e.g., a value 
indicative of a roll-angle of 0"") is provided to a first input 
of a comparator function 60. The detemriined relative 
roll-angle value 8 is provided to a second input of the 

30 comparator function 60. The comparator 60 detemiines 
if the roll-angle value 6 is greater than the reference val- 
ue 58. The comparator 60 provides a logic output value 
to another input of the AND function 56 based on the 
comparison of the determined roll-angle value 8 and the 

35 reference value 58. The AND function 56 provides a log- 
ic output signal (e.g., TRUE or FALSE, HIGH or LOW) 
in response to the signals from the comparators 52 and 
60 indicating whether both the roll-rate and roll-angle 
define a point lying in quadrant I. Quadrant I includes 

40 the lines defined by the angle equal to zero and the rate 
equal to zero. 

[0026] Similar logk: Is used to determine whether the 
roll-rate and roll-angle define a point tying in quadrant 
111. For example, the roll-rate value dO/dt is provided to 

45 a first input of a comparator function 64. The roll-rate 
reference value 54 Is provided to a second input of the 
comparator 64. The comparator 64 determines whether 
the roll-rate value dO^dt is less than or equal to the ref- 
erence value (i.e., the roll-rate is negative). The compa- 

50 fBtor function 64 provides a corresponding logic output 
signal to an input of an AND function 66, e.g., a TRUE 
when the roll-rate dO/dt is less than the reference rate 
54, 

[0027] The roll-angle reference value 58 is provided 
55 to a first input of comparator function 68. The deter- 
mined roll-angle value 8 is provided to a second input 
of the conr^arator function 66, which, in turn, provides 
a corresponding logic output signal to another input of 
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the AND function 66, e.g., a TRUE when the roll-angle 
e is less than the angle reference 58. The AND function 
66 provides a logic output signal (e.g., TRUE or FALSE) 
in response to the signals from the comparators 64 and 
68 indicating whether the roll-rate dO/dt and roll-angle 6 
define a point in quadrant III. Similarto quadrant 1, quad- 
rant 111 includes the lines defined the angle equal to zero 
and the rate equal to zero. The actual point (0, 0) can 
be considered as in quadrant I. 
[0028] Assuming, for purposes of explanation, that 
the roll-rate value dG/dt has a positive value and the roll- 
angle value 6 also is positive value, then each of the 
comparators 52, 60 outputs a TRUE or HIGH condition 
to the AND function 56. The AND function 56, in turn, 
provides a logic TRUE output signal, which indicates 
that the roll-rate value and the roll-angle value define a 
point lying in quadrant I. The other part of the quadrant 
detemninatlon algorithm 50 (e.g., 64, 66, 68) perfonns a 
similar quadrant determination with AND function 66 
providing a TRUE when the roll-rate value dS/dt and the 
roll-angle value 6 define a point lying in quadrant III. 
[0029] Each of the AND functions 56 and 66 provides 
a respective logic output signal to an associated input 
of an OR function 70. The OR function 70 controls op- 
eration, i.e., enablement, of the comparator function 48. 
Specifically, the OR function 70 provides a control signal 
(e.g., TRUE or FALSE) to the comparator function 48 
for controlling operation of the comparator in response 
to the output values from the AND functions 56 and 66. 
For example, when the AND function 56 provides a 
TRUE condition to the OR function 70 (e.g., roll-rate and 
roll-angle are in quadrant I), the OR function 70 provides 
a digital TRUE or ON or ENABLE output signal to a con- 
trol input of the comparator function 48. This enables 
operation of the comparator function 48 to check the ab- 
solute value of the roll-rate value against the indexed 
roll-rate threshold value 46. The comparator function 48 
also is enabled when the AND function 66 provides a 
digital TRUE condition to the OR function 70. The com- 
parison function 48 is enabled only when the roll-rate 
and roll-angle determinations are in quadrants I and til. 
[0030] In a microcomputer embodiment of the system 
10, the quadrant detection algorithm 50 and control of 
the comparator function would be implemented as a 
software program stored In an appropriate intemal 
memory. The control logic, for example, might be imple- 
mented using well known programming techniques and 
programming languages. 

[0031 J The roltover comparator function 48 of the con- 
troller 26, in accordance with the exemplary embodi- 
ment of Fig. 1 , is operative or enabled to check the ab- 
solute value of the roll-rate against the roll-rate thresh- 
old only when the roll-rate and roll-angle have values 
that define a point in quadrant I or in quadrant IIL This 
helps prevent against an erroneous determination of a 
vehicle rollover event if the roll-rate and roll -angle val- 
ues are in quadrant II or IV. The roll-rate thresholds are 
empirically determined for a particular vehicle platfomn 
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of interest in response to a plurality of different vehicle 
maneuvers that result in a rollover event. 
[0032] Because vehicle rollover characteristics typi- 
cally are the same regardless of the angular direction of 

5 rollover, a single set of roll-rate threshold values may be 
used for rollover discrimination in both quadrants I and 
111. In this example, the angle indexing function 40 pro- 
vides the indexed roll-angle value to the roll-rale thresh- 
old function 42. The role rate threshold function 42 out- 

10 puts its indexed threshold value 46 to the comparator 
48. The comparator function 48, in turn, compares the 
absolute value of the magnitude of the roll-rate value dG/ 
dt against the corresponding indexed threshold value 
46. A quadrant detenmination algorithm, such as 50 of 

15 Fig. 1 , controls the comparator function 48 so that the 
roll-rate value is compared against the indexed thresh- 
old only when the roll-rate value and roll-angle value de- 
fine a point that lies in quadrant I or 111. Alternattvety, sep- 
arate positive and negative threshold values may be 

20 used for roll-rate comparisons in quadrants t and 111. 
[0033] The output of the comparator function 48 is 
provided to a latch function 74. When the comparator . 
output provides a logic TRUE signal (e.g., a digital 
HIGH), the latch function 74 outputs a latched TRUE sig- 

25 nal to an input of an AND function 76. Once it receives 
and latches the logic TRUE signal, it maintains a TRUE 
output until the roll angle 0 becomes less than a positive 
reset value if the roll-rate and roll-angle is positive (i.e.. 
the vehicle roll is in the positive direction) or greaterthan 

30 a negative reset value if the roll-rate and roll-angle is 
negative (i.e., the vehicle roll is in the negative direc- 
tion). 

[0034] A timing latch function 78 has an output that is 
used to provide a latched logic signal to another input 

35 of the AND function 76. A TRUE (or digital HIGH) signal 
from the latch function 78 represents an occunrence of 
a rollover event as lndk:ated by safing sensors dis- 
cussed below. A latched TRUE condition from latch 
function 78 provides TRUE signal to AND function 76 

^ for as long as the rollover event is determined from the 
safing sensors or for a predetermined time period, such 
as about one second, and then reset to a LOW output. 
[0035] In accordance with one exemplary embodi- 
ment, a first safing sensor includes an acceleration 

45 sensing device, such as an accelerometer 80. The ac- 
celerometer 80 Is mounted to vehicle 12 with the sen- 
sor's axis of sensitivity oriented so as to sense lateral 
acceleration of the vehrcle 12 (e.g., side-to-side accel- 
eration in a direction parallel to the Y-axIs of the vehicle). 

50 Generally, the axis of sensitivity of the accelerometer 80 
is offset from the front-to-rear axis of the vehicle 1 2 and 
preferably, transverse to the front-to-rcar axis of the ve- 
hicle. 

[0036] In this exemplary embodiment, the accelerom- 
55 eter 80 has the ability of measuring acceleration up to 
a maximum level of acceleration. In this exemplary em- 
bodiment, the accelerometer 80 is a bi-directional ±5g 
accelerometer (g being the value of acceleration due to 
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earth's gravity, i.e., 32 feet/sec^ or 9.8 meters/sec. 2). 
The accelerometer 80 outputs about 400 mV/g over its 
operative sensing range of ±5g. Consequently, the ac- 
celerometer 80 is particularly useful in sensing vehicle 
dynamics associated with slow developing, low g, roll 
events, such as a non-innpact induced vehicle rollover 
event. The accelerometer 80 provides a signal having 
an electrical characteristic indicative ot the sensed lat- 
eral acceleration of the vehicle 12. The signal from the 
accelerometer 80 is provided to a fitter network 82 
fomied of an appropriate combination of high-pass and 
low-pass filters. Additional filtering also may occur within 
the controller 26, such as through digital filtering tech- 
niques. 

[0037] The filter network 82 provides a filtered lateral 
acceleration signal to an appropriate A/D converter 84. 
The A/D converter 84 could be internal to or external 
from the controller 26. The A/D converter 84, In turn, 
provides the digitized signal 85 to an input port of a HP 
digital filter 81 of controller 26. The HP fitter 81 elimi- 
nates and DC drift resulting from the A/D conversion. 
The output of the HP filter 81 is connected to a digital 
LP filter 83 of controller 26 to further remove high fre- 
quencies that are not useful in determining the occur- 
rence of a rollover event. The output 85 of the LP filter 
83 is a digitized signal. The absolute value of the signal 
from LP filter 83 is applied to an input of a comparator 
function 86. A lateral acceleration threshold function 88 
provides a threshold ("THRESHOLD_5Y") to a second 
input of the comparator function 86. The acceleration 
threshold 88 is selected to have a value substantially 
less than the maximum output voltage rating of the ac- 
celerometer 80 when subjected to an acceleration of 
5g's or greater. For example, the value for 
THRESH0LD_5Y could be voltage value equal to ap- 
proximately ten percent of the maximum expected out- 
put voltage. The comparator function 86, in tum, pro- 
vides a logic signal (e.g., TRUE or FALSE) to a first input 
of an AND function 90 indicating whether the digitized 
lateral acceleration signal 85 exceeds the lateral accel- 
eration threshold 88. 

[0038] The absolute value of the digitized accelera- 
tion signal 85 is also provkled to an input of a saturation 
detectorf unction 92. The saturation detector function 92 
detennines whether the digitized acceleration signal is 
saturated, i.e., substantially at Its maximum value as 
would occur if the accelerometer is subjected to an ac- 
celeration of 5g's or greater. To detenmine if the accel- 
erometer 80 is in a saturated state, the saturation de- 
tector 92 compares the absolute value of the accelera- 
tion value (voltage value) against an acceleration value 
slightly less that the maximum 5g value such as a volt- 
age value equivalent to ± 4.8g. When the aoceleration 
signal is saturated, rl is considered to be in a "railed" 
condition. 

[0039] In accordance with the present invention, the 
saturation of the accelerometer 80 (a low g sensor) Is 
used to control which saf ing accelerometer provides the 



safing function. The saturation detector function 92 pro- 
vides a logic output signal (e.g.. TRUE or FALSE) indi- 
cating whether the railed condition exists. The satura- 
tion detector function 92 provides aTRUE output signal 
5 in response to the detemiined railed condition . The sat- 
uration detector 92 includes an internal latching device 
or flag. The output of the saturation detector 92 is initially 
set to an OFF or FALSE condition, i.e., the accelerom- 
eter 80 is not railed. Once a saturation condition is de- 
10 tected, the internal latch or flag, and in turn, the output 
of 92 is set to an ON or TRUE state and is held in that 
state for either a predetermined time period or until reset 
in another desired manner so as to provide a desired 
control. The saturation detector function 92 provides the 
15 signal to an inverter 93 which is, in turn, connected to 
the second input of the AND function 90. The output of 
the AND function 90 can only be TRUE when the output 
of the saturation detector 92 is FALSE, i.e., a railed con- 
dition has not been delected, and the lateral accelera- 
te tion sensed by the accelerometer 80 is greater than the 
threshold value 88. 

[0040] As mentioned, a saturation threshold 
("SATURAT10N.5Y") used by the saturation detector 
92 is a value slightly less than the maximum expected 

25 voltage value from the accelerometer 80 when subject- 
ed to an acceleration at its maximum sensor rating. 
Since 5g is the maximum sensing rating, a threshold 
SATURATION_5Y value is set to a voltage value that 
would be commensurate with the expected output volt- 

30 age when the accelerometer is subjected to an acceler- 
ation of, for example. 4.8g's. 

[0041] The AND function 90 provides a logic TRUE 
output signal when (i) the saturation detector function 
provides a FALSE logic output signal (e.g., a railed con- 

35 dition has not been detected) and (ii) the comparator 
function 86 provides a logic TRUE condition (e.g., the 
sensed acceleration exceeds the threshold 88). The 
AND function 90, in tum, provides a logic output signal 
to an input of an OR function 94. The OR function 94, 

40 in tum , provides a logic output to the timed latch f unc^kjn 
78. The OR function 94 outputs a HIGH or TRUE when 
either of its inputs is HIGH or TRUE. 
[0042] The system 10 further includes a second saf- 
ing acceleration sensor, such as an accelerometer 96, 

45 oriented to sense lateral or sideways acceleration of the 
vehicle preferably along the same axis as that of accel- 
erometer 80. In this exemplary embodiment, the accel- 
erometer 96 senses vehicle acceleration in a direction 
parallel to the Y axis (transverse to the front-to-rear axis 

50 of the vehicle), which is the same preferable direction 
along which accelerometer 80 senses vehicle acceler- 
ation. The accelerometer 96, in accordance with the 
present invention, has a substantially higher accelera- 
tion sensing range than that of accelerometer 80. In this 

55 exemplary embodiment, the accelerometer 96 has a rat- 
ing of ±50g. The accelerometer 80 is referred to as a 
low g sensor and the accelerometer 96 is referred to as 
a high g sensor. 
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[0043] The accelerometer 96 outputs about 40mV/g 
over its operating range. Accordingly, the accelerometer 
96 is particular useful for sensing vehicle dynamics as- 
sociated with fast developing rollover events, such as 
an impact-induced vehicle rollover event. Other relation- 
ships of sensor operating ranges of accelerometers 80 
and 96 also could be used in accordance with the 
present invention. 

[0044] The accelerometer 96 provides an accelera- 
tion signal indicative of sensed acceleration to an ap- 
propriate filter network 98 fornied of high-pass and low- 
pass fitters. The filter network 98 provides a filtered sig- 
nal to an appropriate A/D converter 100. The AJD con- 
verter 100 provides a digitized indication of the vehicle 
acceleration to a digital HP filter 97 to eliminate the DC 
drift that could result from the A/D conversion. The out- 
put of the HP filter 97 is connected to a LP filter 99 which 
removes high frequencies that are not useful in deter- 
mining a rollover event. The output signal 1 01 of the LP 
filter 99 is converted to the absolute value by the con- 
troller 26. This absolute value of the filtered accelerom- 
eter signal is provided to a first input of a comparator 
function 102. An acceleration threshold function 104 
provides a reference acceleration threshold 
(•THRESHOLD_1 Y") to a second input of the compara- 
tor function 102, The acceleration THRESHOLD_1Y is 
greater than the acceleration threshold 
THRESHOLD^SY and substantially less than the max- 
imum voltage value that is expected from the acceler- 
ometer 96 when the accelerometer is subjected to an 
acceleration of 50g. For example, the threshold 
THRESHOLD^I Y is set to a value commensurate with 
the voltage value one would expect from accelerometer 
96 when it is subject to an acceleration equal to 5g, 
[0045] The comparator function 102 provides a logic 
output to an input of an AND function 106 indicating 
whether the sensed acceleration exceeds the threshold 
THRESHOLD_1 Y from the threshold function 1 04. The 
output of the saturation detector function 92 is provided 
to another input of the AND function 1 06. The AND func- 
tion 106, thus, provides a logic output signal indicating 
whether the accelerometer 80 is in a railed or saturated 
condition and the acceleration sensed by the acceler- 
ometer 96 exceeds the threshold THRESHOLD_1 Y pro- 
vided by the threshold function 104. In particular, the 
AND function 106 provides a TRUE logic output signal 
when (i) the accelerometer 80 is in a railed condition (i. 
e., the acceleration signal is saturated as would occur 
when the vehicle is subjected to a very large accelera- 
tion event) and (ii) the acceleration sensed by the sec- 
ond accelerometer 96 exceeds the threshold 
THRESHOLD^I Y. The logic output from the AND func- 
tion 1 06 Is provided to a second input of the OR function 
94. 

[0046] The OR function 94 provides a saf ing signal 95 
to the time latch function 78. In particular, the safing sig- 
nal 95 is TRUE (e.g., ON or HIGH) when either of two 
vehicle sideways acceleration events occur. First, the 



safing signal 95 is ON when the acceleration sensed by 
the accelerometer 80 exceeds the threshold 
THRESH0LD_5Y, and the accelerometer 80 does not 
indicate that it is in a railed condition. As previously men- 

5 tioned, a railed condition exists when the digitized ac- 
celeration signal approximates the maximum ratirig val- 
ue of the accelerometer 80. Second, the safing signal 
95 is ON when the accelerometer 80 is detenmined to 
be in a railed condition and the acceleration sensed by 

10 the accelerometer 96 exceeds the threshold 
THRESHOLDJY 

[0O47] The saturation detector acts as a switch to con- 
trol if the HIGH or LOW g sensor is used for the safing 
function. If the accelerometer 80 Is not saturated, the 
15 saturation detector 92 outputs a LOW which, In effect, 
enables AND function 90 and disables AND function 
106. When the accelerometer 80 is saturated, the satu- 
ration detector 92 outputs a HIGH which, In effect, dis- 
ables AND function 90 and enables AND function 106. 
20 [0048] When the safing signal 95 is switched to an ON 
or TRUE condition, the latch function 78 latches the oc- 
cunrence of a logic TRUE signal and applies a latched 
TRUE to a second input of the AND function 76. More 
particularly, the OR function 94 provides a digital logic 
25 output 95 to the latch function 78. The logic output 95 
indicates the Boolean result of OR-ing the outputs from 
the AND functions 90 and 106, The latch function 78 is 
operative to latch a logic TRUE or ON output signal 95 
and apply the latched TRUE signal to the AND function 
30 76 for a predetermined time period, such as about one 
second. Other latching durations could be used depend- 
ing on the vehicle platform and the desired control. 
[0049] The AND function 76 provides a logic output 
(e.g., TRUE) indicating when the roll-rate exceeds the 
35 variable roll-rate. threshold 46 and at least one of the 
sensed safing conditions has been satisfied. Because 
the latch function 78 is configured to latch TRUE signals 
for a predetennined time period and the latch function 
74 latches HIGH until reset by the value of the roll-angle 
40 e returns back within predetermined reset values, the 
occun^ence of a vehicle rollover event may be deter- 
mined even when the AND functions 90 or 106 do not 
provide TRUE condition output signals contemporane- 
ously with the comparator function 48 providing a logic 
45 TRUE output. The output of the AND function 76 is pro- 
vided to a first input of an OR function 77. The output of 
the OR function 77 is connected to a fire controller func- 
tion 110 which controls actuation of one or more actuat- 
able occupant protection devk^es 112. When the output 
50 of AND function 76 is TRUE, the OR function 77 outputs 
a TRUE and the fire controller actuates the occupant 
protectk>n devices 112. 

(0050] The output 1 01 of LP filter 99 is connected to 
an input of a comparator function 103. A lateral accel- 
55 eratk>n threshold 113 is connected to the other Input of 
the comparator 103. If the filtered accelerometer signal 
at 1 01 is greater than the value of the lateral acceleration 
threshold 113. the comparator 103 outputs a HIGH or 
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TRUE to a latch function 114. The latch function 114 out- 
puts a HIGH when it receives the HIGH from comparator 
103 and maintains the HIGH output until reset by the 
value of the roll-angle e at 38 falling back between reset 
threshold values. The output of latch 114 is connected 
to one input of an AND function 115. 
[0051] A switched threshold function 1 1 6 receives the 
roll-angle Indexed value from the roll-angle indexing 
function 40 and outputs a threshold that varies as a func- 
tion of the roll-angle index value. The switched threshold 
is functionally related to the determined roll-angle (i.e., 
the integral of the roll-rate). Rather than using an in- 
dexed value, those skilled in the art will appreciate that 
a functional equation could be used to determine a 
switched threshold as a function of the determined roll- 
angle 6 at 38. The switched threshold 116 is generally 
a lower value relative to the roll-rate threshold 42. The 
roll-angle threshold 42 is referred to herein as the nor- 
mal threshold and the switched threshold 11 6 is referred 
to as the lower threshold. 

[0052] The switchable threshold 116 outputs its 
threshold to one input of a comparator 1 1 7. The second 
input of comparator 117 receives the absolute value of 
the roll-rate signal dG/dt at 32 from absolute value func- 
tion 47 and compares the absolute value of the roll-rate 
against the switched threshold 116. If the absolute value 
of the roll-rate is equal to or greater than the threshold 
11 6, the comparator outputs a HIGH or TRUE. If the ab- 
solute value of the roll-rate is less than the switchable 
threshold 116, thecomparator outputs a LOW or FALSE. 
The output of comparator 117 is connected to a latch 
function 1 1 8. The latch function 1 1 8 latches and outputs 
a HIGH when comparator 117 provides a HIGH output 
and maintains a HIGH output until the value of the roll- 
angle at 38 falls back within reset limits. The output of 
the latch 118 is connected to the second input of AND 
function 115. The output of the AND function 11 5 is con- 
nected to a second input of the OR function 77. If the 
absolute value of the roll-angle is greater than the 
switched threshold 116, as latched in latch 118, when 
the accelerometer value 101 is greater than the lateral 
acceleration threshold 113, as latched by latch 114, the 
occupant protection device 112 will be actuated. 
[0053] By way of example, the occupant protection 
device 112 could be an Inflatable occupant protection 
device (e.g., an air bag or air curtain), a seat belt pre- 
tensioner device, an actuatable roll bar and/or other ac- 
tuatable devk:es capable of helping protect an occupant 
during a vehicle rollover condition . 
[0054] Both the comparator 48 and the comparator 
117 are connected to the absolute value of the roll-rate. 
By doing this, only positive thresholds need be consid- 
ered in the comparisons. If the value of the roll-rate at 
32 is monitored without detennining the absolute value, 
then the roll-rate thresholds 42 and 1 1 6 along with conrv- 
parison functions must compare negative roll-rate val- 
ues against negative thresholds for roll events in the 
negative direction. 



[0055] Referring to Fig. 2A, values of a roll-rate vs. 
the integral of roll-rate (i.e., detennined roll-angle) for a 
particular maneuver of a vehicle platfomn is shown. This 
is a roll event that did not lead to a rollover event, i.e., 
5 the vehicle perfomned a maneuver that produced a sig- 
nal from the rollover sensor but the event was a non- 
deployment event. In Fig. 2A, the normal threshold 42 
and the switched threshold 116 are shown. Both are a 
function of the Integral of the roll-rate. The roll-rate val- 
10 ues in Fig. 2A cross the lower threshold 11 6 but not the 
higher or normal threshold 42. The plot of Fig. 2B is that 
of the filtered acceleration signal 101 vs. the integral of 
the roll-rate for this same vehicle maneuver depicted in 
Rg. 2A. These data points are compared against the 
t5 lateral acceleration threshold 113 also shown in the Fig 
2B. Since the lateral acceleration values 101 never 
crosses the threshold 113, the comparator 103 contin- 
uously outputs a LOW or FALSE so that latch 114 does 
not switch to nor latch a HIGH output Since latch 114 
20 outputs ia continuous LOW, the LOW is continuously ap- 
plied to the AND function 1 15 which blocks the compar- 
ison result of the comparator function 117 and latch 
function 118. Therefore, the roll-rate value dO/dt at 32 is 
only effectively compared against the nomial or higher 
25 threshold value output from the threshold function 42. 
Since the roll-rate does not cross the higher threshold 
42, comparator 48 continuously outputs a LOW and the 
restraint is not deployed since both inputs of the OR 
function 77 remain LOW. 
30 [0056] Refen^ing to Fig. 3A, values of a roll-rate vs. 
the integral of roll-rate (i,e.. detennined roll-angle) for 
another particular maneuver of a vehtele is shown. This 
is a roll event that results in deployment of the occupant 
protection devk:e 112. In Fig. 3A, the nomnal threshold 
35 A2 curve and switched threshold 1 1 6 curve are shown . 
As can be seen, the roll-rate data points cross, not only 
the lower threshold 116, but also the nomial or higher 
threshold 42. The plot of Fig. 3B is that of the filtered 
acceleration signal 101 vs. the integral of the roll-rate 
40 for the same vehicle maneuver depicted in Fig. 3A. 
These data points, in Fig. 3B, are compared against the 
lateral acceleration threshold 1 1 3. Since the value of the 
filtered acceleration signal 101 never crosses the 
threshold 1 1 3. the comparator 1 03 continuously outputs 
43 a LOW or FALSE resulting in a continuous LOW to the 
AND function 1 1 5. The LOW to AND function 1 1 5 blocks 
the result of comparison 117. However, when the roll- 
rate crosses the roll-rate threshold 42, comparator 48 
outputs a HIGH or TRUE which is latched by latch 74. 
50 The latch 74 switches its output HIGH in response to the 
HIGH from comparator function 48 and maintains the 
HIGH output until the value of the roll-rate falls back be- 
low a predetemiined value shown as the latch reset val- 
ue in the Fig. 3A. Assuming that the safing function, such 
55 as the safing function from the accelerometer 80, is 
TRUE so as to set latch 78 HIGH, the occupant protec- 
tion device will be deployed. 

[0057] The latches 74. 114, and 118 monitor the roll- 
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angle value at 38 . If they are set HIGH by a H IGH applied 
to their associated inputs, they remain HIGH until the 
roll-angie value exceeds the latch reset value shown in 
Fig. 2A and then drops back down below the reset value 
for positive roH-angle events. Negative roll events result 
in latch resets when the roll-angle falls below the nega- 
tive reset value and then become greater than the neg- 
ative reset value. 

[0058] Refening to Fig. 4A, values of a roll-rate vs. 

the integral of roll-rate (i.e., detenmihed roll-angle) for 
another particular maneuver of a vehicle is shown. This 
is a roll event that results in deployment of the occupant 
protection device 112. In Fig. 4A. the nonmal threshold 
42 and switched threshold 116 are shown. As can be 
seen, the roll-rate data points cross the lower threshold 
116. Crossing the lower threshold 116 switches the out- 
put of comparator 117 HIGH and latch 118 switches 
HIGH. This HIGH Signal from latch 118 is, in effect, 
blocked al AND function 115 because comparator 1 03 
and latch 1 14 both output a LOW initially. The plot of Fig. 
4B is that of the filtered acceleration signal 101 vs. the 
integral of the roll-rate for the same steering maneuver. 
These datapoints, in Fig. 4B, are compared against the 
lateral acceleration threshold 113. At one stage of the 
roll event (marked with the word DEPLOY), the lateral 
acceleration signal 1 01 exceeds the lateral acceleration 
threshold 113. At that point, the latch 114 Is switched 
HIGH. A HIGH is then applied to the AND function 115. 
Since both inputs of the AND function 115 are HIGH at 
this point, it outputs a HIGH to OR function 77 which 
results in actuation of the occupant protection device. 
[0059] From the above description of the invention, 
those skilled in the art will perceive improvements, 
changes and modifications. Such improvements, 
changes and modifications within the skill of the art are 
intended to be covered by the appended claims. 



Claims 

1 . An apparatus for detecting a vehicle rollover event 

comprising: 

a rollover sensor for sensing vehicle roll and 
providing a roll signal indicative of vehicle roll 
about a front-to-rear axis of the vehicle; 
an accelerometer for sensing vehicle accelera- 
tion in a direction offset from the front-to-rear 
axis of the vehicle and providing an accelera- 
tion signal indicative thereof; and 
controller for comparing the roll signal from the 
rollover sensor against a first rollover threshold 
when the acceleration signal is less than an ac- 
celeration threshold and for comparing the roll 
signal from the rollover sensor against a sec- 
ond rollover threshold when the acceleration 
signal is equal to or greater than the accelera- 
tbn threshold and for indk^ating a vehicle rollo- 



ver condition when the roll signal from the roil- 
over sensor is greater than the threshold it is 
compared against. 

5 2. The apparatus of claim 1 wherein said rollover sen- 
sor senses roll-rate and provides a signal indicative 
of roll-rate of the vehicle. 

3. The apparatus of claim 2 wherein said first rollover 
10 threshold is greater than said second rollover 

threshold. 

4. The apparatus of claim 3 wherein said first rollover 
threshold and said second rollover threshold both 

15 vary as a function of an integral of roll-rate deter- 
mined from said rollover sensor signal. 

5. The apparatus of claim 1 wherein said controller in- 
cludes means for varying the value of the acceler- 

20 ation threshold as a function of an integral of roll- 
rate determined from said roll signal. 

6. The apparatus of claim 5 wherein said controller fur- 
ther Includes means to latch the occurrence of the 

25 acceleration signal exceeding said acceleration 
threshold. 

7. The apparatus of claim 6 wherein the controller re- 
sets the latch in response to the value of the integral 

30 of the roll-rate. 

8. The apparatus of claim 1 wherein said controller in- 
cludes means forperiomning a safing function in re- 
sponse to said acceleration signal and providing the 

35 Indication of the vehicle rollover condition in further 
response to the safing function . 

9. The apparatus of claim 1 further including an actu- 
atable occupant protection device and means for 

40 actuating said occupant protection device in re- 
sponse to said indk:atk>n of a rollover condition. 

10. An occupant protection apparatus for detecting a 
vehk:le rollover event and actuating an occupant 

45 protection device, said apparatus comprising: 

a rollover sensor for sensing vehicle roll and 
providing a roll-rate signal indicative of vehicle 
roll-rate about a front-to-rear axis of the vehicle; 
so means for detennining roll-angle from said roll- 

rate signal and for providing a signal indk:ative 
of roll-angle; 

an accelerometer for sensing vehicle accelera- 
tion in a direction transverse to the front-to-rear 
55 axis of the vehk:le and providing an accelera- 

tion signal indicative thereof; and 
controller for comparing the acceleration signal 
against an acceleration threshold and for com- 
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paring the roll-rate signal from the rollover sen- 
sor against a first rollover threshold when the 
acceleration signal is less than an acceleration 
threshold and for comparing the signal from the 
rollover sensor against a second rollover s 
threshold when the acceleration signal is equal 
to or greater than the acceleration threshold 
and for actuating the occupant protection de- 
vice when the signal from the rollover sensor is 
greater than the threshold It is compared io 
against. 

11. The apparatus of claim 10 wherein said controller 
includes means for detenmining roll-angle from the 
roll-rate signal and wherein said first and second '5 
rollover thresholds vary as a function roll-angle. 

12. The apparatus of claim 11 wherein said controller 
further includes latching means for latching the oc- 
currence of the acceleration signal exceeding the 20 
acceleration threshold. 

13. The apparatus of claim 12 wherein said controller 
I further includes means for resetting said latching 

means in response to the value of said roll-angle. 2s 

1 4. A method for detecting a vehicle rollover event com- 
prising the steps of: 

sensing vehicle roll about a front-to-rear axis of 30 
the vehicle and providing a roll signal indicative 
of vehicle roll; 

sensing vehicle acceleration in a direction off- 
set from the front-to-rear axis of the vehicle and 
providing an acceleration signal indicative 35 

thereof; 

comparing the roll signal against a first rollover 
threshold when the acceleration signal is less 
than an acceleration threshold; 
conrtparing the roll signal against a second roll- 40 
over threshold when the acceleration signal is 
equal to or greaterthan the acceleration thresh- 
old; and 

Indicating a vehicle rollover condition when the 
roll signal is greaterthan the threshold it is conrh ^ 
pared against. 

15. A method for controlling an occupant protection ap- 
paratus in response to a vehicle rollover event, said 
method comprising the steps of: ^ 

sensing vehicle roll and providing a roll-rate sig- 
nal indicative of vehicle roll-rate about a front- 
to-rear axis of the vehicle; 
determining roll-angle from said roll-rate signal S5 
and for providing a signal indicative of roll-an- 
gle; 

sensing vehicle acceleration in a direction 



transverse to the front-to-rear axis of the vehi- 
cle and providing an acceleration signal indic- 
ative thereof; 

comparing the acceleration signal against an 
acceleration threshold; 

comparing the roll-rate signal against a first roll- 
over threshold when the acceleration signal is 
less than the acceleration threshold; 
comparing the roll-rate signal against a second 
rollover threshold when the acceleration signal 
is equal to or greater than the acceleration 
threshold; and 

actuating the occupant protection device when 
the roll-rate signal Is greater than the threshold 
It is compared against. 



EP1 227 010 A2 




EP1 227 010 A2 



NO DEPLOYMENT 




0 

INTEGRAL OF ROLURATE 



Fig.2A 



0 



» < 


\ * ' 
4 * * 
4 • * 
•1 * * 


1 1 
• • 




\ * • 
1 ■ * 
1 ' ' 






V 5^113 1 


1 * 
t * 
t , .J 




' ' ^ t 


1 
1 














j >101 : 


i 113-^ 














1 V 1 • 
ill > 

' 1 * * 



0 

INTEGRAL OF ROLL_RATE 



Rg2B 



EP1 227 010 A2 



DEPLOYMENT BASED ON NORMAL THRESHOLD 



t 1 i 
« t • 

1 » t 


~<;^ii6 1 


1 • I 
1 t 1 
1 • 1 
1 • 1 
< « 1 
• * < 


y\ /DEPLOY 




! 32- 

1 

1 a 


1 

1 J 
tJ 






\ * 


i 


■^LATCH 1 i 


i 116 — 


; RESET J : 
i VALUES: i 

* • • 


i i 42^^ 


1 1 * 
« t ' 

1 t * 

1 t * 



0 

INTEGRAL OF ROLL_RATE 



Fig.3A 




EP1 227 010 A2 



DEPLOYMENT BASED ON SWITCHED THRESHOLD 



0 



I 1 * 




^-42 : 
^116 i 


« • • 

• 1 

• • 1 

• • 
1 1 




r « 
\ ' 


« t 










1 * 




i RESET 
VALUES 


1 • 
1 1 
1 1 
1 1 


1 i 42-^^^ 




• « 

« t 

f • 
1 • 



0 

INTEGRAL OF ROLL^RATE 



Fig.4A 



0 



• 1 1 * ' * 

* • 1 * • 

1 • ■ • • 


1 • * 

1 * • 
« ■ » 


\ DEPLOY[ i 


• * 

• • 

• • 
t « 


\l Jr i 


I • 

• 1 

( t 




« • 
* • 
1 • 




\ « * 
v.— ^ _ t 




« ^i^^ 


• • 
f 1 




• t 
) t • 
1 « • 


< * 1 

t t 1 
1 ' . \ 


1 •••••• ^ • J 

I * 


t < 
• * 
1 t 


1 t t 

t 4 



0 

INTEGRAL OF ROLL_RATE 



iillillliiililiiilll 

(11) EP1 227 010 A3 

(12) EUROPEAN PATENT APPLICATION 

(88) Date of publication A3: (51) Int Cl7: B60R 21/01 

23.10^002 Bulletin 2002/43 

(43) Date of publication A2: 

31.07.2002 Bulletin 2002/31 

(21) Application number: 02001625.9 



(22) Date of filing: 23.01 .2002 



(84) Designated Contracting States: 


♦ Huahn-FernYeh 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Novi, Michigan 48375 (US) 


MC NL PT SETR 


« Shun-Hsin Chang 


Designated Extension States: 


Novl, Michigan 48374 (US) 


AL LT LV MK RO SI 






(74) Representative: Geyer, Ulrich F., Dr. Dipl.-Phys. 


(30) Priority: 24.01.2001 US 769039 


WAGNER & GEYER, 


Patentanwalte, 


(71) Applicant: TRW INC, 


QewOizmCihistrasse 5 


Lyndhurst Ohio 44124 (US) 


80538 MOnchen (DE) 


(72) Inventors: 




• ChekPengFbo 




AnnArtor, Ml 48105 (US) 





(54) Apparatus and nnethod for detecting vehicle rollover having roll-rate switched threshold 




EuropSisches Patentamt 
European Patent Office 
Office europeen des brevets 



(57) A vehicle rollover event detector (1 0) includes 
an acceleronrteter (80) that senses vehicle acceleration 
in a direction offset from a front-to-rear axis of the vehi- 
cle (12) and provides an acceleration signal (101) indic- 
ative thereof. A rollover sensor (1 4) senses vehicle roll 
and provides a roll signal (32) indicative of vehicle roll 
about the front-to-rear axis of the vehicle. A controller 



(26) compares the roll signal (32) against a first rollover 
threshold (42) when the acceleration signal (1 01 ) is less 
than an acceleration threshold (113) and compares the 
roll signal (32) against a second rollover threshold (116) 
when the acceleration signal (1 01 ) is equal to or greater 
than the acceleration threshold (113) and for indicating 
a vehicle rollover condition when the roll signal is greater 
than the threshold (42. 116) it is compared against. 
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